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Executive
Summary

Section 812 of the Clean Air Act Amendments
of 1990 requires the Environmental Protection
Agency to periodically assess the effect of the Clean
Air Act on the “public health, economy, and envi-
and to report the

>

ronment of the United States,’
findings and results of its assessments to the Con-
gress. This Report to Congress, the first of a series
of prospective studies we plan to produce every two
years, presents the results and conclusions of our
analysis of the benefits and costs of the Clean Air
Act during the period from 1990 to 2010. The main
goal of this report is to provide Congress and the
public with comprehensive, up-to-date information
on the Clean Air Act’s social costs and benefits, in-
cluding improvements in human health, welfare, and
ecological resources.

The first report that the EPA created under the
section 812 authority, The Benefits and Costs of the
Clean Air Act: 1970 to 1990, was published and con-
veyed to Congress in October 1997. This retrospec-
tive analysis comprehensively assessed the benefits
and costs of all requirements of the 1970 Clean Air
Act and the 1977 Amendments, up to the passage of
the Clean Air Act Amendments of 1990. The re-
sults of the retrospective analysis showed that the
nation’s investment in clean air was more than justi-
fied by the substantial benefits that were gained in
the form of increased health, environmental qual-
ity, and productivity.

The Clean Air Act Amendments of 1990 built
upon the significant progress made by the original
Clean Air Act of 1970 and its 1977 amendments in
improving the nation’s air quality. The amendments
utilized the existing structure of the Clean Air Act,
but strengthened those requirements to tighten and
clarify implementation goals and timing, increase the
stringency of some requirements, revamp the haz-
ardous air pollutant regulatory program, refine and
streamline permitting requirements, and introduce
new programs for the control of acid rain precur-

sors and stratospheric ozone depleting substances.
Because the 1990 Amendments represent an incre-
mental improvement to the nation’s clean air pro-
gram, the analysis summarized in this report was
designed to estimate the costs and benefits of the 1990
Amendments incremental to those assessed in the
retrospective analysis. Our intent is that this report
and its predecessor, the retrospective, together pro-
vide a comprehensive assessment of current and ex-
pected future clean air regulatory programs and their
costs and benefits.

This first prospective analysis consists of a se-
quence of six steps. These six steps, listed in order

of completion, are:

(1) estimate air pollutant emissions in 1990,
2000, and 2010;

(2) estimate the cost of emission reductions aris-
ing from the Clean Air Act Amendments;

(3) model air quality based on emissions esti-
mates;

(4) quantify air quality related health and envi-
ronmental effects;

(5) estimate the economic value of cleaner ait;
and

(6) aggregate results and characterize uncertain-
ties.

The methodology and results for each step are
summarized below and described in detail in the
chapters of this report.

Air Pollutant Emissions

Estimation of reductions in pollutant emissions
afforded by the 1990 Clean Air Act Amendments
(CAAA) serves as the starting point for this study’s
subsequent benefit and cost estimates. We focused
our emissions analysis on six major pollutants: vola-
tile organic compounds (VOCs), nitrogen oxides
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(NO), sulfur dioxide (SO,), carbon monoxide (CO),
coarse particulate matter (PM, ), and fine particu-
late matter (PM,,). For each of these pollutants we
forecast emissions for the years 2000 and 2010 un-
der two different scenarios: a) the Pre-CAAA sce-
nario that assumes no additional control require-
ments would be implemented beyond those that
were in place when the 1990 CAAA were passed;
and b) the Post-CAAA scenario that incorporates
the effects of controls which, when we formulated
the scenario, we expected would be likely to occur
as a result of implementing the 1990 Amendments.
Emissions estimates for both the Pre-CAAA and
Post-CAAA scenarios reflect expected growth in
population, transportation, electric power genera-
tion, and other economic activity by 2000 and 2010.
We compare the emissions estimates under each of
these scenarios to estimate the effect of the CAAA
requirements on future emissions.

The results of the emissions phase of the assess-
ment indicate that the 1990 Clean Air Act Amend-
ments significantly reduce future emissions of air
pollutants. Substantial reductions will be achieved
for the two major precursors of ambient ground-
level ozone: volatile organic compounds (VOCs) and
oxides of nitrogen (NO,). Relative to the Pre-CAAA
scenario, estimated VOC emissions under the Post-
CAAA case are 35 percent lower by 2010. This
change in emissions is due largely to VOC reduc-
tions from motor vehicles and area sources (e.g., dry
cleaners, commercial bakeries, and other widely dis-
persed sources).

The NO_ emission reduction under the Post-
CAAA scenario represents the greatest proportional
emissions change estimated in our analysis. For the
year 2010, the Post-CAAA NO_ emissions estimate
is 39 percent lower than the Pre-CAAA estimate,
representing a decrease in emissions of almost 11
million tons. Nearly half of this reduction is from
utilities, largely as a result of the particular NO_
emissions cap and trading program we assumed un-
der the Post-CAAA scenario. The remaining reduc-
tions are attributable to cuts in motor vehicle and
non-utility point source emissions.

Carbon monoxide (CO) emissions contribute
directly to concentrations of carbon monoxide in
The 2010 Post-CAAA estimate

for CO emissions is 81.9 million tons, 23 percent

the environment.

lower than the Pre-CAAA projection. The reduc-
tion in CO emissions is mostly due to motor ve-
hicle emission controls.

The CAAA also will achieve a substantial re-
duction in precursors of fine particulate matter
(PM, ). Sulfur dioxide (SO,) is an important precut-
sor of PM. By 2010, SO, emissions are 31 percent
lower under the Post-CAAA scenario. Of the 8.2
million ton difference between Pre- and Post-CAAA
SO, estimates, 96 percent is attributable to additional
control of utility emissions through a national cap-
and-trade program involving marketable SO, emis-
sion allowances. Oxides of nitrogen, discussed above,
are also important fine PM precursors.

We project the 1990 Clean Air Act Amendments
to have more modest effects on emissions of par-
ticulate material which is emitted in solid form (i.e.,
“primary” or “direct” PM, and PM,
Opverall, emissions of primary PM, and PM, are

emissions).

each approximately four percent lower in 2010 un-
der the Post-CAAA scenario than under the Pre-
CAAA scenario. Although the incremental effects
of the Clean Air Act Amendments on primary PM
emissions will be relatively small, PM in the atmo-
sphere is comprised of both directly emitted primary
particles and particles that form in the atmosphere
through secondary processes as a result of emissions
of SO,, NO,, and organic compounds. These PM
species, formed by the conversion of gaseous pollut-
ant emissions, are referred to collectively as “second-
ary” PM. Because, as noted above, the 1990 Amend-
ments achieve substantial reductions in these gaseous
precursor emissions, the Amendments have a much
., and PM_ _ levels in the atmo-
sphere than might be apparent if only the changes

larger effect on PM

in directly emitted primary particles are considered.

Compliance Costs

Our estimate of the costs of the Clean Air Act
Amendment provisions is based on an evaluation of
the increases in expenditures incurred by various
entities to meet the additional control requirements
incorporated in the Post-CAAA case. These costs
include operation and maintenance (O&M) expen-
ditures —which includes research and development
(R&D) and other similarly recurring expenditures—
plus amortized capital costs (i.e., depreciation plus
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interest costs associated with the existing capital
stock). Relative to the Pre-CAAA case, Post-CAAA
scenario total annual compliance costs for Titles 1
through V are approximately $19 billion higher by
the year 2000, rising to $27 billion by the year 2010.

Compliance with Title I, Provisions for Attain-
ment and Maintenance of National Ambient Air
Quality Standards (NAAQS), accounts for $14.5
billion, or over half, of the estimated increase in year
2010 compliance costs. Compliance with mobile
source emissions control provisions under Title 11
of the Clean Air Act Amendments accounts for an
additional 30 percent of the total costs, or $§9 billion
annually by 2010.

sition and emissions of stratospheric ozone deplet-

Provisions to control acid depo-

ing substances account for most of the remainder of
the costs.

These direct compliance costs provide a good,
but incomplete, measure of the total effect of the
Clean Air Act Amendments on the U.S. economy.
A complete picture of the indirect impacts of these
costs would include changes in employment and
prices as well as impacts that might be experienced
among customers of the firms that must incur these
costs. While these indirect effects could be impor-
tant, we believe the direct cost estimates provide a
good initial measure of the effect of the Clean Air
Act Amendments on the U.S. economy, as well as
an appropriate metric for comparison with the di-
rect benefits reported here.

Table ES-1

Summary Comparison of Benefits and Costs (Estimates in millions 1990%)

Titles | through V

Annual Estimates

2000 2010
Monetized Direct Costs:
Low 2
Central $19,000 $27,000
High @
Monetized Direct Benefits:
Low” $16,000 $26,000
Central $71,000 $110,000
High® $160,000 $270,000
Net Benefits:
Low ($3,000) ($1,000)
Central $52,000 $83,000
High $140,000 $240,000
Benefit/Cost Ratio:
Low® less than 1/1 less than 1/1
Central 4/1 4/1
High® more than 8/1 more than 10/1

#The cost estimates for this analysis are based on assumptions about future changes in factors such as consumption
patterns, input costs, and technological innovation. We recognize that these assumptions introduce significant

uncertainty into the cost results; however the degree of uncertainty or bias associated with many of the key factors cannot
be reliably quantified. Thus, we are unable to present specific low and high cost estimates.

®Low and high benefits estimates are based on primary results and correspond to 5th and 95th percentile results from
statistical uncertainty analysis, incorporating uncertainties in physical effects and valuation steps of benefits analysis.
Other significant sources of uncertainty not reflected include the value of unquantified or unmonetized benefits that are
not captured in the primary estimates and uncertainties in emissions and air quality modeling.

¢ The low benefit/cost ratio reflects the ratio of the low benefits estimate to the central costs estimate, while the high ratio
reflects the ratio of the high benefits estimate to the central costs estimate. Because we were unable to reliably quantify
the uncertainty in cost estimates, we present the low estimate as "less than X," and the high estimate as "more than Y",
where X and Y are the low and high benefit/cost ratios, respectively.
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Human Health and
Environmental Benefits

To estimate benefits, the results of the emissions
analysis served as the principal input to a linked se-
ries of models. We used these models to estimate
changes in air quality, human health effects, ecologi-
cal effects, and, ultimately, the net economic ben-
efits of the Clean Air Act Amendments. The goals
of these steps in the analysis were to estimate the
implications of changes in emissions resulting from
compliance with the Clean Air Act Amendments
on criteria pollutant air quality throughout the lower
48 states, and the impacts on human health and the
environment that result from these changes.

We focused our air quality modeling efforts on
estimating the impact of Pre- and Post-CAAA emis-
sions on ambient concentrations of ozone, PM,,
PM, ., SO,, NO_, and CO and on acid deposition
and visibility in future years. We found that the
majority of the total monetized benefits, however,
is attributable to changes in particulate matter con-
centrations and, more specifically, to the effect of
these ambient air quality changes on avoidance of
premature mortality. We estimate that 2010 Post-
CAAA PM,, .
ern U.S. will average about 5 to 10 percent lower
than 2010 Pre-CAAA concentrations, with some
areas of the eastern U.S. experiencing much greater
reductions of up to 30 percent. The air quality mod-
eling also indicates a substantial overall reduction in
future-year PM,  and PM, . concentrations through-
out the western U.S., including most population
centers, following implementation of the Clean Air

Act Amendments.

and PM25 concentrations in the east-

The direct benefits of the air quality improve-
ments we estimated under the Post-CAAA scenario
include reduced incidence of a number of adverse
human health effects, improvements in visibility, and
avoided damage to agricultural crops. The estimated
annual economic value of these benefits in the year
2010 ranges from $26 to $270 billion, in 1990 dol-
lars, with a central estimate, or mean, of $110 bil-
lion. These estimates do not include a number of
other potentially important effects which could not
be readily quantified and monetized (i.e., converted
to dollar terms). These excluded effects include a
wide range of ecosystem changes, air toxics-related
human health effects, and a number of additional
health effects associated with criteria pollutants.

In addition, these results reflect the particular
choices we made with respect to interpretations of
the available scientific and economic literature and
adoption of paradigms for representing health and
environmental changes in economic terms. We re-
fer to these results, then, as our “primary” estimates;
however, in the text of this report we also present
some alternative results which reflect other available
choices for models or assumptions.

One particularly important assumption of our
primary analysis is that correlations between in-
creased air pollution exposures and adverse health
outcomes found by epidemiological studies indicate
causal relationships between the pollutant exposures
and the adverse health effects. Future research may
lead to revisions in this assumption as well as other
key assumptions, data, and models we use to esti-
mate the benefits and costs of the Clean Air Act.
Such revisions may in turn imply significant changes
in the estimates of Clean Air Act costs and benefits
presented here and in past and future assessments.
In our judgment, however, the primary results re-
flect the best currently available science and the most
up-to-date tools and data we had at our disposal —
and the most reasonable assumptions we could
adopt— as each step of the analysis was implemented.

Cleaner air also yields benefits to ecological sys-
tems. This first section 812 prospective analysis de-
votes a great deal of effort to characterizing and,
where possible, quantifying and monetizing the im-
pacts of air pollutants on natural systems. Our in-
creased effort is in part a result of the findings of the
retrospective analysis, where we identified a better
understanding of ecological effects as an important
research direction for the first prospective and sub-
sequent analyses. Quantified benefits of CAAA pro-
grams reflected in the overall monetized benefits
include: increased agricultural and timber yields; re-
duced effects of acid rain on aquatic ecosystems; and
reduced effects of nitrogen deposited to coastal estu-
aries. Many ecological benefits, however, remain
difficult or impossible to quantify, or can only be
quantified for a limited geographic area. The mag-
nitude of quantified benefits and the wide range of
unquantified benefits nonetheless suggest that as we
learn more about ecological systems and can con-
duct more comprehensive ecological benefits assess-
ments, estimates of these benefits could be substan-
tially greater.
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We developed separate estimates for the Title
VI provisions of the CAAA designed to protect
stratospheric ozone. Stratospheric ozone is the layer
of the atmosphere that protects the planet from the
harmful effects of ultraviolet radiation (UV-b). Our
primary estimate of the cumulative benefits of Title
VI is $530 billion. Using the same uncertainty esti-
mation procedure as for other parts of the analysis,
we estimate Primary Low and Primary High esti-
mates of $100 billion to $900 billion, respectively.
These estimates partially reflect potential averting
behaviors, such as remaining indoors or increasing
use of sunscreens or hats, which may mitigate the
effects of the UV-b exposure increases estimated in
the Pre-CAAA case.

Comparing Costs to Benefits

Based on the specific tools and techniques we
employed, our primary estimate of the net benefit
(benefits minus costs) over the entire 1990 to 2010
period of the additional criteria pollutant control
programs incorporated in the Post-CAAA case is
$510 billion. Our results imply that the monetizable
benefits alone exceeded the direct compliance costs
by four to one. For many of the factors contribut-
ing to this net benefit estimate (especially physical
effects and economic valuation estimates), we were
able to generate quantitative estimates of uncertainty.
By statistically combining these uncertain estimates,
we were able to develop a range of net benefit esti-
mates which provide a partial indication of the over-
all uncertainty surrounding the central estimate of
net benefits. This range, reflecting a 90 percent prob-
ability range around the mean, or central estimate,
is negative $20 billion (implying a small probability
that costs could exceed monetized benefits) to posi-
tive $1.4 trillion.

The estimates for Title VI also indicate that cu-
mulative benefits ($500 billion) well exceed cumula-
tive costs ($27 billion). The time period of our Title
VI analysis (175 years) suggests that these estimates
are very uncertain. Nonetheless, the conclusion that
benefits well exceed costs holds even at our Primary
Low estimate of benefits (the low end of the 90 per-
cent probability range, or $100 billion), and regard-
less of discount rate used to generate the cumulative
estimates from the perspective of the present.

The assumptions necessitated by data limitations,
by the current state of the art in each phase of the

analytical approach, by the need to predict future
conditions, and by the state of current research on
air pollution’s effects imply that both the mean esti-
mate and the 90 percent probability range around
the central estimate are uncertain. While alterna-
tive choices for data, models, modeling assumptions,
and valuation paradigms may yield results outside
the range projected in our primary analysis, we be-
lieve based on the magnitude of the difference be-
tween the estimated benefits and costs that it is un-
likely that eliminating uncertainties or adopting rea-
sonable alternative assumptions would change the
fundamental conclusion of this study: the Clean Air
Act Amendments’ total benefits to society exceed
its costs.

The uncertainties in the primary estimates and
the controversies which persist regarding model
choices and valuation paradigms nonetheless high-
light the need for a variety of new and continued
research efforts. Based on the findings of this study,
the highest priority research needs are:

* Improved emissions inventories and inven-
tory management systems

* A more geographically comprehensive air
quality monitoring network, particularly for
fine particles and hazardous air pollutants

e Use of integrated air quality modeling tools
based on an open, consistent model archi-
tecture

*  Development of tools and data to assess the
significance of wetland, aquatic, and terres-
trial ecosystem changes associated with air
pollution

e Increased basic and targeted research on the
health effects of air pollution, especially par-
ticulate matter

*  Continued development of economic valu-
ation methods and data, particularly valua-
tion of changes in risks of premature mor-
tality associated with air pollution

Properly directed and funded, such research
would improve the results of future analyses of the
benefits and costs of the Clean Air Act.

Review Process

The CAA requires EPA to consult with an out-
side panel of experts during the development and
interpretation of the 812 studies. This panel of ex-
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perts was organized in 1991 under the auspices of
EPA’s Science Advisory Board (SAB) as the Advi-
sory Council on Clean Air Act Compliance Analy-
sis (hereafter, the Council). Organizing the review
committee under the SAB ensured that highly quali-
tied experts would review the section 812 studies in
an objective, rigorous, and publicly open manner
consistent with the requirements and procedures of
the Federal Advisory Committee Act (FACA).
Council review of the present study began in 1993
with a review of the analytical design plan. Since
the initial June 1993 meeting, the Council has met
many times to review proposed data, proposed meth-
odologies, and interim results. While the full Coun-
cil retains overall review responsibility for the sec-
tion 812 studies, some specific issues concerning
physical effects and air quality modeling were re-
ferred to subcommittees comprised of both Council
members and members of other SAB committees.
The Council’s Health and Ecological Effects Sub-
committee (HEES) met several times and provided
its own review findings to the full Council. Simi-
larly, the Council’s Air Quality Modeling Subcom-
mittee (AQMS) held in-person and teleconference
meetings to review methodology proposals and
modeling results and conveyed its review recommen-
dations to the parent committee.

An interagency review was conducted, during
which a number of analytical issues were discussed.
Conducting a benefit/cost analysis of a major stat-
ute such as the Clean Air Act requires scores of meth-
odological decisions. Many of these issues are the
subject of continuing discussion within the economic
and policy analysis communities and within the
Administration. Key issues include the treatment
of uncertainty in the relationship between particu-
late matter exposure and mortality; the valuation of
premature mortality; the treatment of tax interac-
tion effects; the assessment of stratospheric ozone
recovery; and the treatment of ecological and wel-
fare effects. These issues could not be resolved within
the constraints of this review. Thus, this report re-
flects the findings of the EPA and not necessarily
other agencies of the Administration.

Vi
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Food and Agricultural Policy
Research Institute

Fuel Consumption Model
Food and Drug Administration

forced expiratory volume in one
second
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FGD
FHWA
FMVCP

FORCARB
FORTRAN
FR
GCVTC

GDP
GIRAS

GIS
GNP
GSP
H+

ha
HAP
HARVCARB
HBFC
HC
HCFC
HDDV
HDGV
HDV
HEES

Hg
HIV-1

HNO

3

HPMS

HS,0,
/M
ICI
ICD

ID
IMPROVE

IPM
kg
km
kWh
LAER
Ib

flue gas desulfurization
Federal Highway Administration

Federal Motor Vehicle Control
Program

forest carbon model
formula translation
Federal Register

Grand Canyon Visibility Transport
Commission

gross domestic product

Geographic Information Retrieval
Analysis System

geographic information system
gross national product
gross state product
hydrogen ions

hectare

hazardous air pollutant
harvested carbon model
hydrobromofluorocarbons
hydrocarbon
hydrochlorofluorocarbon
heavy-duty diesel vehicle
heavy-duty gasoline vehicle
heavy-duty vehicle

Health and Ecological Effects
Subcommittee

mercury

human immunodeficiency virus
type one

nitric acid

Highway Performance Monitoring
System

sulfuric acid

inspection and maintenance
industrial/commercial /institutional

International Classification of
Disease

identification code

Interagency Monitoring of
PROtected Environments

Integrated Planning Model
kilogram

kilometer

kilowatt hour

lowest achievable emission rate

pound

LDAR
LDDT
LDDV
LDGT
LDGV
LEV
LRS
LTO

MACT
MAG
MAGIC

MC
MCF
MDL
MM4
MMBtu
MRAD
Models-3

MOU
MOBILE

MPO
MW C
MW1I
N
NAA
NAAQS

NAPAP
NASA
NCAR
NCLAN

NE
NEMS
NERC

NESHAP

XXVi

leak detection and repair
light-duty diesel truck
light-duty diesel vehicle
light-duty gasoline truck
light-duty gasoline vehicle
low emission vehicle

lower respiratory symptom
landing and takeoff operations
meter

cubic meter

maximum achievable control
technology

Maricopa Association of Govern-
ments

Model of Acidification of Ground-
water in Catchments

motorcycle

methyl chloroform

method detection limit
mesoscale model four
million British thermal units
minor restricted activity day

Third Generation Air Pollution
Modeling System

memorandum of understanding

mobile source emission factor
model

metropolitan planning organization
municipal waste combustor
medical waste incinerator

nitrogen

nonattainment area

National Ambient Air Quality
Standards

National Acid Precipitation Assess-
ment Program

National Aeronautics and Space
Administration

National Center for Atmospheric
Research

National Crop Loss Assessment
Network

northeast

National Energy Modeling System
North American Electric Reliabil-
ity Council

National Emission Standards for
Hazardous Air Pollutants



Acronyms and Abbreviations

NET
NH

3

NHANES

NIH
NMOC
NO
NO,
NO_
NP
NPI
NPP
NPV
NSPS
NSR
NSWS
NYSDEC
OS
O&M
OBD
ocC
ODS
OMB
OMS
OPPE

ORIS

OSD
OTAG

OTC
OTR
P-i-G
PAN
Pb
PCB
PCDD
PCDF
PCE

PM

National Emission Trend
ammonia

National Health and Nutrition
Examination

National Institutes of Health
non-methane organic compound
nitrogen oxide

nitrogen dioxide

nitrogen oxides

national park

National Particulates Inventory
net primary productivity

net present value

new source performance standard
new source review

National Surface Waters Survey

New York Department of Environ-
mental Conservation

ozone
operation and maintenance
onboard diagnostic

organic carbon

ozone-depleting substance

Office of Management and Budget
Office of Mobile Sources

Office of Policy, Planning and
Evaluation

Office of the Regulatory Informa-
tion System

ozone season daily

Ozone Transport Assessment
Group

Ozone Transport Commission
Ozone Transport Region
plume-in-grid

peroxyacetyl nitrate

lead

polychlorinated biphenyl
polychlorinated dibenzo-p-dioxin
polychlorinated dibenzofurans
perchloroethylene

logarithm of the reciprocal of
hydrogen ion concentration, a
measure of acidity

particulate matter (both PM, ~and
PMZS)

PM

10

PM

2.5

PnET

POC
POTW
ppb

ppm
PRYL

PRZM
PSU
QALY
R&D
RACT

RAD
RADM
RELMAP

REMSAD

RE
RFG
RHC
RIA

RFP
RO,
ROP
RPM
RUM
RVP

S

SAB

SAS

SAV
SCAQMD

SCAQS
scC
SCR
SEDS
SI

SIC
SIP
SO

2

XXVii

particulate matter less than or equal
to 10 microns in diameter

particulate matter less than or equal
to 2.5 microns in diameter

Net Photosynthesis and Evapo-
Transpiration model

parameter occurrence code
publically owned treatment works
parts per billion

parts per million

percentage relative yield loss
Pesticide Root Zone Model
Pennsylvania State University
quality adjusted life years

research and development

reasonable available control tech-
nology

restricted activity day
Regional Acid Deposition Model

Regional Lagrangian Model of Air
Pollution

Regulatory Modeling System for
Aerosols and Acid Deposition

rule effectiveness
reformulated gasoline
reactive hydrocarbon
regulatory impact analysis
reasonable further progress
peroxy radical

rate of progress

Regional Particulate Model
Random Utility Model
Reid vapor pressure

sulfur

Science Advisory Board
Statistical Analysis Software
submerged aquatic vegetation

South Coast Air Quality Manage-
ment District

South Coast Air Quality Study
Soutrce Classification Code
selective ca